Regional recurrence of endometrial cancer is a challenging yet potentially curable group of patients without defined standard of care. Our aim is to determine optimal methods of salvage therapy for regionally recurrent endometrial cancer.
Introduction
In 2018 there were an estimated 63,230 new cases of endometrial cancer and 11,350 deaths due to endometrial cancer (Key Statistics for Endometrial Cancer, n.d.). Recurrence rates range from 2% with early, well-differentiated pathology to 50% with advanced stage or aggressive histology (Howlader et al., 1975 (Howlader et al., -2014 Salani et al., 2017) . While adjuvant therapy and surveillance help minimize and detect these recurrences early, a significant number of patients experience disease recurrence.
Vaginal cuff recurrences can be salvaged with radiation therapy with 5 year overall survival of 33-84% and a 5 year disease specific survival of 51%-77% (Jhingran et al., 2003; Sears et al., 1994; Nag et al., 1997; Creutzberg et al., 2003; Chapman et al., 2017; Vargo et al., 2014; Jereczek-Fossa et al., 2000; Baek et al., 2016) . Improved outcomes have been shown with the combination of external beam radiotherapy (EBRT) and brachytherapy (Jhingran et al., 2003; Sears et al., 1994; Nag et al., 1997 ). An evidence-based regimen for treating isolated non-vaginal recurrences of endometrial cancer has not yet been defined. Historically, surgery was reserved for recurrences after radiotherapy and chemotherapy and consisted of partial or complete exenteration (Barakat et al., 1999) . In more recent years, however, some have performed surgical cytoreduction earlier in the treatment of recurrences (Turan et al., 2015; Awtrey et al., 2006; Dowdy et al., 2006; Scarabelli et al., 1998) . In a study of patients with recurrent endometrial cancer, Bristow et al. demonstrated significantly longer median survival in patients who underwent salvage cytoreductive surgery compared to those treated without surgery (Bristow et al., 2006) .
T
There is limited data on the role of adjuvant chemotherapy, radiation therapy, and combination chemoradiation in this population of non-vaginal pelvic and abdominal recurrences of endometrial cancer. Here we examine cytoreductive surgery and chemoradiation, radiation therapy, and chemotherapy as adjuvant therapies in treating recurrent endometrial cancer. The aim of this study is to report the survival and toxicity outcomes of patients with non-vaginal pelvic and abdominal recurrences of endometrial cancer.
Materials and methods

Data acquisition
A retrospective review protocol was approved by the Loyola University Medical Center Institutional Review Board. Our database was analyzed from 2007 to 2018 with 22 cases of nodal, pelvic, or peritoneal cavity recurrences identified. Vaginal cuff recurrences were excluded. Isolated recurrences to the pelvic sidewall, pelvic or paraaortic lymph nodes, and sigmoid colon were grouped as greater pelvis. Recurrences to the surface of the liver, omentum, and abdominal wall were classified as abdomen. Concurrent pelvic and abdominal recurrences were included with the abdomen group. We collected data on variables including patient demographics, histology, stage, tumor characteristics, microsatellite instability status, and adjuvant therapy received at initial diagnosis. Additional data were gathered at the time of recurrence on surgical management and adjuvant therapy including whether the chemotherapy was administered concurrently with radiation (chemoradiation) or following radiation (sequential chemo). Regarding salvage therapy, the non-surgery cohort included patients who received chemotherapy alone, EBRT alone, or chemotherapy and EBRT. The surgery cohort included patients who underwent surgery alone, surgery and EBRT, or surgery and chemotherapy. The multimodality cohort included patients who underwent a combination of surgery, EBRT, and chemotherapy with or without vaginal brachytherapy.
Statistical analyses
Univariable Cox proportional hazards models were used to estimate the risk of a second recurrence or mortality as a function of patient and disease factors. In these models, time was measured in months from the date of patients' first recurrence to the date of second recurrence or death, whichever came first. Living patients not experiencing a second recurrence or death were censored at the last known time they were alive and in remission.
For each model, the proportional hazards assumption was assessed graphically using Martingale residuals (Lin et al., 1993) . Due to observing few events, all conclusions were confirmed using Fisher exact tests for nominal comparisons and exact Wilcoxon rank-sum tests for continuous and ordinal comparisons. Univariable Cox proportional hazards models were also used to compare the risk of recurrence or mortality as well as the overall risk of mortality among these three cohorts. As before, Fisher's exact tests were used to confirm model conclusions, and Kaplan-Meier plots were used to estimate event-free probabilities. All analyses were completed using SAS version 9.4 (Cary, NC).
Results
Twenty-two patients met inclusion criteria. The median age at initial surgery was 63.6 years (interquartile range [IQR] 60.2-67.6 years) and at first recurrence was 65.4 years (IQR 63.1-69.5 years) ( Table 1) . Seventy-three percent (16/22) of patients received adjuvant therapy after their initial surgery. Nine (40.9%) patients received adjuvant vaginal brachytherapy, nine (40.9%) received EBRT, and four (18.2%) received chemotherapy as adjuvant therapy. Combinations of adjuvant therapies received are listed in Table 1 . Additional demographics of initial diagnosis including histology, stage, lymphovascular space invasion, and microsatellite instability status are found in Table 2 . Note: N = 22 unless otherwise specified. Multimodality therapy includes surgery, chemotherapy, and radiotherapy with or without vaginal brachytherapy.
Patients were divided into three cohorts based on the salvage treatment received (Table 2) . Thirteen (59.1%) of 22 patients were included in the multimodality cohort, 4 (18.2%) in the surgery cohort, and 5 (22.7%) in the non-surgery cohort ( Table 2) . None of the patients received bevacizumab or immunotherapies for salvage treatment of their first recurrence. Patient outcomes are described in supplemental table 1. Recurrence in the pelvis or abdomen was diagnosed at a median of 16.0 months (IQR 8.2-23.2 months) after the completion of surgery or adjuvant therapy. Twelve (54.5%) recurrences were diagnosed based on symptoms that prompted imaging, 3 (13.6%) patients presented with symptoms that prompted biopsy, 5 (22.7%) had rising CA125 followed by imaging, and 2 (9.1%) recurrences were incidentally found on imaging. Thirteen patients (59.1%) recurred in the greater pelvis, whereas 9 (40.1%) had recurrences in the abdomen. Twenty-six surgical procedures were performed in 17 operations as described in Table 2 .
Two-year progression free survival (PFS) for all recurrences in both the pelvis and peritoneal cavity was 51% (95% confidence interval [CI]: 26-72%) (Fig. 1A) . Two-year PFS was greater in the multimodality cohort than in the non-surgery and surgery cohorts (Fig. 1B) . The 2-year PFS in patients receiving multimodality therapy was 62% compared to 40% in the non-surgery cohort and 38% in the surgery cohort. Of the 13 patients in the multimodality cohort, 2 patients reached 5 years without recurrence or death (Fig. 1) . Two-year overall survival (OS) was estimated to be 69% (95% CI: 38-86%) ( Fig. 2A) . Similar 2-year OS was seen in the sample of patients receiving multimodality therapy (68%) and surgery (67%), but OS was lower among patients in the non-surgery cohort (53%) (Fig. 2B) . At 40 months of follow up, the only living patients belonged to the multimodality cohort.
Univariable analyses did not reveal any statistically significant factors associated with the risk of recurrence or death. Advanced stage trended toward being hazardous (hazard ratio [HR] = 3.08, p = .10) as was the presence of lymphovascular space invasion (HR = 3.41, p = .12). Similarly, in this sample receipt of use of chemoradiation for adjuvant salvage therapy trended toward a decreased risk of progression or death for chemoradiation (HR = 0.37, p = .17) as well as for sequential chemotherapy (HR = 0.38, p = .16). The salvage treatment received was not statistically significant (overall p = .17), but patients in the multimodality cohort experienced lower crude rates recurrences (31%) than those in the surgery cohort (50%) and non-surgery cohort (60%) [Supplemental Table 2 ]. Additional univariable analyses are included in Supplemental Table 3 .
Toxicity of salvage therapy was limited. Radiation toxicities were all grade 1-2 acute toxicities as listed in Supplemental Table 4 . Only grade 1 late toxicity was noted. Eight of 19 patients undergoing chemotherapy required dose reduction due to hematologic toxicities or neuropathy (Supplemental Table 4 ). Fig. 1 . Cumulative probability of progression free survival at two years was 51%. A. Progression free survival of study population. B. Progression free survival by salvage therapy cohort. The multimodality cohort had increased progression free survival compared to non-surgery or surgery cohorts.
Discussion
Pelvic and abdominal recurrence of surgically managed endometrial cancer is a challenging and life-threatening condition. No meaningful association of a definitive salvage regimen and survival benefit for recurrent endometrial cancer of the pelvis and peritoneal cavity was determined, though this study was underpowered due to limited patient numbers given the scarcity of this pattern of recurrence. PFS was favorable in the multimodality cohort, who received surgery, chemotherapy, and EBRT +/− vaginal brachytherapy, with 62% of patients being disease free at 24 months. Additionally, toxicity of multimodality salvage therapy was limited. There is limited available data on the outcomes of patients with non-vaginal pelvic or abdominal recurrences without distant metastases regarding survival and toxicity outcomes, and clinical trials would be warranted to explore to optimal combination of multimodality therapy. To our knowledge this is the first study that focuses on the role of multi-modality therapy and potential impact on survival outcomes.
Turan et al. (Turan et al., 2015) examined 34 patients with recurrent endometrial cancer, 22 of whom underwent laparotomy. Receipt of adjuvant therapy and optimal surgical debulking of the recurrence were associated with improved overall survival. Patients optimally debulked had an overall survival of 53 months compared to 5 months in those not optimally debulked indicating the role for surgery in patients for whom optimal debulking is possible (Turan et al., 2015) .
Ren et al. (Ren et al., 2014) retrospectively analyzed outcomes for 75 patients with recurrent endometrial cancer. Thirty-five of 75 (46.7%) patients had an isolated site of recurrence, which is similar to our patient population. Sixty-four percent (48/75) received chemotherapy, 8% (6/75) received radiotherapy, and 10.7% (8/75) received chemotherapy and radiotherapy as salvage therapy after surgery for recurrence. In this study, 62.7% (47/75) of patients had disease progression, and median survival was 18 months. During follow up 41.3% (31/75) patients were alive without disease (Ren et al., 2014) . Even patients who are optimally debulked are highly likely to harbor microscopic disease in high-risk regions. The high rate of disease progression in this study by Ren et al. may be related to a low rate of radiotherapy in their series, and comparatively, more patients underwent multimodality salvage therapy in our study (59%).
Bristow et al. (Bristow et al., 2006) evaluated 61 patients and determined that salvage surgery and residual disease status were correlated with post-recurrence survival in patients with recurrent endometrial cancer. Patients treated with surgery had a median survival after recurrence of 28 months compared to 13 months for those with Fig. 2 . Cumulative probability of overall survival at two years was 69%. A. Overall survival of study population. B. Overall survival by salvage therapy cohort. The multimodality cohort had improved overall survival compared to non-surgery or surgery cohorts.
recurrence treated without surgery (p < .0001). In their study, of those undergoing surgery, 57.1% (20/35) received systemic chemotherapy, 42.9% (15/35) received radiation, and 6 of the 35 received both chemotherapy and radiation therapy. None of these studies thoroughly evaluate the impact of adjuvant therapy on survival and disease progression outcomes.
In a meta-analysis of 14 studies and 672 patients with advanced or recurrent endometrial cancer, Barlin et al. (Barlin et al., 2010) determined that complete surgical cytoreduction and adjuvant radiation were significantly associated with increased overall survival. For each 10% incremental increase in patients receiving postoperative radiation, there was an 11 month increase in overall survival. Receipt of adjuvant chemotherapy was associated with decreased survival (Barlin et al., 2010 ). An important distinguishing point of this study is that it is not limited only to patients with recurrent disease.
We acknowledge that multimodality therapy is not appropriate for all patients with recurrent endometrial cancer. We would recommend against multi-modal therapy for patients with disseminated disease not amenable to surgical resection or disease that cannot be treated within a reasonable tumor-directed radiotherapy plan. Patients with contraindications to surgery (i.e significant co-morbidities), chemotherapy (i.e. blood dyscrasia or significant chemotherapy exposure), or radiotherapy (i.e. prior in field radiotherapy) may not be good candidates or should be referred to a tertiary care center for opinion.
The greatest strength of our study is the inclusion of multiple cases of recurrent endometrial cancer isolated to the pelvis or peritoneal cavity excluding vaginal cuff recurrences and a relatively high use of multimodality adjuvant therapy in our experience. These recurrences are rare, and while challenging to treat, can result in long term survival if aggressively treated. All cases were treated at the same institution by the same gynecologic and radiation oncology teams. These small numbers prohibited performance of multivariate analyses or deriving significant associations between variables leaving the study underpowered for survival endpoints. Additionally, only 22 patients met inclusion criteria over the study period of 11 years. We acknowledge that treatment options and approaches to treatment may have evolved over the course of the study period. This study also has the potential for selection bias as patients with lower burden of disease at recurrence are more likely to undergo resection, and healthier and younger patients may be more likely to receive multimodality adjuvant therapy.
Several hypotheses can be generated from this study. Multimodality therapy with surgery, EBRT, and chemotherapy is feasible and welltolerated in selected patients with isolated recurrences to the pelvis and peritoneal cavity. Reasonable rates of both progression-free and overall survival with multimodality adjuvant therapy can be achieved in this population, and such an approach should be considered for patients who can tolerate aggressive adjuvant therapy following optimal debulking surgery, and as a result this approach is now standard at our institution. Multi-institutional and/or prospective studies are warranted to help develop an evidenced-based optimal treatment regimen for patients with isolated pelvic or peritoneal cavity endometrial cancer recurrences.
